; test for trend, P = .0003). The increased risk in these women appeared to be attributable to unsaturated fat intake and oleic acid in particular. Conclusions: In this study, there was no overall association between fat intake during adulthood and breast cancer risk; however, among
Breast cancer is among the most prevalent types of cancer in women, both worldwide and within the United States (1) . In the United States, the incidence of breast cancer was 110 per 100 000 women in 1996 (2) , and in countries with traditionally lower incidences, substantial increases have occurred in recent decades (1) . Because few modifiable risk factors for the disease have been identified (3) , potential dietary associations are of great interest.
The association between fat intake and breast cancer has generated considerable debate (4, 5) . Per capita total fat, saturated fat, and monounsaturated fat supplies were shown to be strongly correlated with breast cancer incidence between countries and within countries over time (6) (7) (8) .
Populations migrating from areas with low-fat diets to those with high-fat diets acquire the destination country's incidence and mortality within one generation (6, 9) or even decades (10, 11) . The latter suggests that adult exposures influence breast cancer risk. Animal experiments suggest that total and polyunsaturated fat intake (linoleic acid, in particular) promotes mammary tumorigenesis (12, 13) , whereas the effects of saturated fat and monounsaturated fat (oleic acid, in particular) are inconsistent (12, 14, 15) .
Evidence from observational epidemiologic studies is conflicting. Most case-control studies have shown a modest increased risk associated with increased intake of total fat and various fat subtypes during adulthood and breast cancer (16) . Prospective cohort studies (17) (18) (19) (20) (21) (22) (23) , however, have provided little support for the dietary fat-breast cancer hypothesis for either total fat or fat subtypes (24) (25) (26) .
We had the opportunity to investigate the association between total dietary fat and fat subtype intake and breast cancer risk in a large, prospective cohort study of postmenopausal women.
SUBJECTS AND METHODS

Study Population
Subjects are participants in the Breast Cancer Detection Demonstration Project (BCDDP) Follow-up Cohort Study. They were selected from past participants in the BCDDP, a breast cancer-screening program conducted from 1973 through 1981 in which more than 280 000 women received up to five annual breast cancer screenings at 29 centers throughout the United States. Beginning in 1979, the National Cancer Institute (Bethesda, MD) began the BCDDP Follow-up Cohort Study on a subset of the BCDDP participants (n ‫ס‬ 64 182).
Women were selected for follow-up study on the basis of their status at their last screening visit: diagnosis of breast cancer (n ‫ס‬ 4275), nonmalignant or benign breast disease (BBD) determined by biopsy or breast surgery (n ‫ס‬ 25 114), or recommended for biopsy or breast surgery but did not have the surgery performed (n ‫ס‬ 9628). In addition, a sample of women identified by screening to have no evidence of breast disease was included (n ‫ס‬ 25 165). The latter group was matched to those with breast cancer and BBD on age and time at entry to the BCDDP program, race, center, and length of participation in the program. The BCDDP Followup Cohort Study was approved by the Institutional Review Board at the National Cancer Institute, and written informed consent was obtained from all participants.
Data were collected in three phases. In phase 1, a baseline interview and up to six annual telephone interviews were administered (from 1979 through 1986); in phase 2, a follow-up questionnaire was mailed to the subjects (from 1987 through 1989); and in phase 3, a second follow-up questionnaire was mailed to the subjects (from 1993 through 1995). For all nonresponders to the mailed questionnaire, repeated attempts were made to conduct follow-up interviews by telephone. Extensive efforts were made throughout the study to locate women lost to follow-up, including attempted tracing through the National Center for Health Statistics National Death Index through 1993.
Exposures and Covariates
Information about dietary intake and vitamin supplement use, alcohol intake, self-reported height and weight, and tobacco use was obtained in the second-phase mailed questionnaire (from 1987 through 1989). At the baseline interview (from 1979 through 1986), information was obtained about family history of breast cancer in a first-degree relative, history of biopsies for BBD, use of female hormones or oral contraceptives, age at menarche, parity, age at first live birth, date of cessation of menstrual period, reason for cessation of menstrual periods if no period was reported within the 3 months prior to the interview, and any surgical procedures on the breast. Annual telephone interviews and mailed follow-up questionnaires were used to update this information. Educational level was obtained at the first screening visit. Body mass index (BMI) was defined as weight in kilograms divided by squared height in meters. History of BBD was defined at the time of the second-phase interview as positive if a woman had ever had a biopsy that indicated benign rather than malignant breast disease (22 287 [84.7%] of 26 315 women with BBD) or was recommended for a biopsy but it had not yet been conducted (4028 [15. 3%] of women with BBD). For most women, BBD information was obtained from medical record reports (87%). For women having a first biopsy prior to inclusion in the study, BBD information was based on self-report (13%).
Dietary Assessment
Average daily dietary intake information was assessed by use of the Block/National Cancer Institute 60-item food-frequency questionnaire (27) (28) (29) . Women were asked to report their usual food intake during the previous year. The questionnaire has been described in detail, and its validity and reproducibility have been reported elsewhere (29) (30) (31) . With software developed for the survey instrument, the frequency of consumption of each food was multiplied by the nutrient content of reported portion sizes to generate average daily intakes of nutrients and energy. Frequency of servings of fruits and vegetables were also calculated (27) . Questionnaires with reported caloric intakes of fewer than 400 kcals per day or greater than or equal to 3800 kcals per day, as well as those with 30 or more skipped food items, were considered to be inaccurate and were excluded from analyses (n ‫ס‬ 5051).
The primary exposures of interest were intake of total fat and fat subtypes. Among the foods asked about on the 60-item food-frequency dietary intake instrument, the top dietary sources and percent contribution to total fat in this analytic cohort were as follows: mayonnaise and salad dressing (13.2%); margarine (10.5%); cheese and cheese spread (6.4%); salty snacks (chips and popcorn) (5.1%); 2% milk (4.4%); doughnuts, cookies, and cake (4.2%); ice cream (3.9%); hamburger, beef burrito, and meatloaf (3.8%); eggs (3.6%); and peanuts and peanut butter (3.2%). Among fat types, most of these same foods were major contributors, with a shift in the order of contribution for each fat type. The top two contributors for each fat subtype (although they represent only a small percentage of total intake) were as follows: for saturated fat (cheese and cheese spread [11.9%] 
Analytic Cohort
Of the 64 182 women selected for participation in the follow-up study, 61 433 (96%) completed the baseline interview and were available for study. Of these women, those who were premenopausal at the third-phase questionnaire (from 1993 through 1995) (n ‫ס‬ 1370) or who had been diagnosed with breast cancer prior to or at the time of completion of the second-phase questionnaire (from 1987 through 1989) (n ‫ס‬ 6431) were considered to be ineligible and excluded from analyses. Menopause was defined as not experiencing a menstrual period during the previous 3 months. Women reporting surgical menopause without removal of both ovaries were considered to be menopausal when they reached 52.75 years of age (the median age at natural menopause in this cohort) or the age at hysterectomy, whichever came last (n ‫ס‬ 649).
Of the remaining 53 632 eligible women, women were excluded from analyses consecutively for the following reasons: did not complete second-phase questionnaire (n ‫ס‬ 7583); unknown or missing menopausal data (n ‫ס‬ 476); completed dietary questionnaire considered to be inaccurate (n ‫ס‬ 5051); inappropriate start and exit dates (n ‫ס‬ 157); and missing covariate information for parity, age at 1 st birth, and educational level (n ‫ס‬ 343). Missing information for other covariates was either imputed based on the mean value for the cohort or, where noted, included as "don't know" in multivariate analyses. At the administration of the second-phase questionnaire, 92% of the analytic cohort were postmenopausal and 8% became menopausal between the second and third phase of the study. The final analytic cohort included 40 022 women; a total of 26 315 (66%) of them were considered to have a history of BBD, and 13 707 (34%) were considered to have no history of BBD.
Case Identification
Breast cancer cases included in these analyses were identified subsequent to the second-phase questionnaire. Breast cancer status was obtained from self-report, from reports of breast cancer on death certificates, and from relatives. Of the 996 postmenopausal women who developed breast cancer in the analytic cohort, 80% were confirmed by pathology reports. Because the accuracy of reporting was high among those with pathology reports (97% were confirmed as cancers), cancers without pathology reports (n ‫ס‬ 204) were included in the analyses. A total of 838 of these cases were considered to be invasive breast cancer, and 158 were in situ; cases without pathology reports were considered to be invasive.
Statistical Analysis
Risk ratios (RRs) and 95% confidence intervals (CIs) were estimated by use of Cox proportional hazards regression, with age as the underlying time metric. All tests of significance were two-sided, and all P values were calculated by use of the Wald test. Subjects were considered to have entered the cohort at their second-phase interview or date of menopause, whichever came later, and to have exited the study at their diagnosis of breast cancer, death from other causes, last contact, date of bilateral prophylactic mastectomy, or return of the follow-up questionnaire. Ninety percent of the women (35 328 of 40 002) in this analytic cohort were followed through the third phase of the study (from 1993 through 1995).
RRs associated with usual daily intakes of percentage of energy from different dietary components were examined on the basis of quintiles defined for the entire population and as continuous variables. Tests for linear trend were calculated by use of continuous variables modeled as linear terms. Mean intakes of dietary variables with both equal and unequal variances were also compared by use of Student's t tests.
All analyses were adjusted for total energy intake. We used four different energy-adjustment methods and report results from the multivariate nutrient density method only, since few differences in associations were observed between methods (32, 33) . With the multivariate nutrient-density method, the percent of energy from each fat type of interest and total energy intake are included in the analyses. In our study, the quadratic term for energy was statistically significant when adjusted for the percentage of energy from total fat and from all other covariates (P ‫ס‬ .04). Therefore, to adequately adjust for energy intake, we included the quadratic term in all analyses.
We examined individual fat subtypes after adjustment for other fat subtypes in the analyses. Thus, we included in the multivariate analyses all of the fat subtypes simultaneously, in addition to total energy. Risk estimates associated with each fat type can be interpreted as the effect of the substitution of a percentage of energy from each particular fat type for an equal percentage of energy from nonfat sources of energy only (i.e., protein and carbohydrate). We examined each fat type modeled both in quintiles, with the lowest quintile as the referent, and as a continuous factor. For continuous factors, the risk estimates represent the effect of a five-percentage unit change in energy from each fat type.
In addition to total fat, fat subtypes, and energy, we included in multivariate analyses the following established and suspected risk factors for breast cancer: total energy (quadratic), BMI (quadratic), height (linear), first-degree family history of breast cancer (yes, no, or don't know), parity (yes or no), parity (linear), age at first birth (linear), educational level (less than a high school graduate, high school graduate, some college education, or college graduate), age at menarche (linear), BBD (yes or no), alcohol use (yes or no), and alcohol use (linear). We also examined the effect of the number of weekly servings of fruits and vegetables consumed (linear) and the use of exogenous hormones in the year prior to interview (yes or no) on adjusted estimates.
We examined the association between fat and fat subtypes and breast cancer within strata of history of BBD (yes or no), family history of breast cancer (yes, no, or not sure), BMI (<21, 21-28, and >29 kg/m 2 ), and alcohol intake (nondrinkers, 1-13 or >13 g/day). We also examined interaction terms from multivariate models for percentage of energy from total fat and each of these factors.
RESULTS
Study participants (n ‫ס‬ 40 022) averaged 62 years of age (range, 42-91 years) at the start of follow-up and were followed an average of 5.3 years (range, 0.8-8.2 years). Participants were predominantly white (n ‫ס‬ 35 477; 89%) and parous (n ‫ס‬ 34 753; 87%) and had a history of BBD (n ‫ס‬ 26 315; 66%). Fortysix percent (n ‫ס‬ 18 371) had at least some
Average daily intakes and quintile median values for percentage of energy from total fat, fat subtypes, protein, and carbohydrate, as well as total energy intake, are shown in Table 1 .
In analysis of covariates, total fat intake as a percentage of energy decreased with increasing educational level, alcohol intake, and fruit and vegetable intake. It increased with increasing parity, energy intake, and BMI (data not shown). Similar patterns were observed for saturated fat, unsaturated fat, oleic acid, and linoleic acid. In adjusted analyses, increased breast cancer risk was associated with increased educational level, age at first birth, BMI, height, alcohol intake, and decreased age at menarche and parity, as well as a history of BBD, and a family history of breast cancer (data not shown).
As shown in Table 2 , percentage of energy from total fat intake was not statistically significantly associated with breast cancer risk (RR Q5 versus Q1 ‫ס‬ 1.07 [95% CI ‫ס‬ 0.86-1.32]; test for trend, P ‫ס‬ .51) nor was protein, carbohydrate, or total energy intake. Results were similar when we adjusted for energy intake by use of three other techniques and when we removed energy intake, BMI, and BBD from the model. The addition of servings of fruits and vegetables and recent exogenous hormone use to the model as potential confounders, as well as the removal of women with in situ breast cancer from analyses, also had little effect on results. Table 2 also presents the adjusted RRs associated with quintiles of percentage of energy from fat subtypes. When all of the fat subtypes were included in analyses simultaneously, no statistically significant association between saturated fat, unsaturated fat, oleic acid, linoleic acid, and breast cancer risk was observed.
We hypothesized that a real association between dietary fat intake and breast cancer risk may be attenuated in women with a history of BBD because they are at increased risk of breast cancer and may have changed their diet toward lower fat intake or recalled their diet less accurately as a result of the diagnosis. Consistent with this hypothesis, in the subset of women with a positive history of BBD, we observed no association between total fat intake and breast cancer risk ( Table 3) . A test for interaction between percentage of energy from total fat and history of BBD was significant (P ‫ס‬ .0007).
On the other hand, among strata of family history of breast cancer, BMI, and alcohol intake, there was no association between total fat intake and breast cancer. Moreover, there was no association between the cross-products of low-and high-fat and low-and high-fruit and vegetable intake and breast cancer. Table 3 also shows that, in the subset of women with no history of BBD, the statistically significant increased risk associated with total fat intake was attributable to unsaturated fat (RR Q5 versus Q1 ‫ס‬ 2.64; 95% CI ‫ס‬ 1.56-4.44); test for trend, P ‫ס‬ .0006). When unsaturated fat intake was divided into its constituents, oleic acid, linoleic acid, and other unsaturated fats, the greatest increased risk was associated with oleic acid intake (RR Q5 versus Q1 ‫ס‬ 1.82; 95% CI ‫ס‬ 0.89-3.71; test for trend, P ‫ס‬ .03). Increased carbohydrate intake was also associated with decreased breast cancer risk in these women (RR Q5 versus Q1 ‫ס‬ 0.51; 95% CI ‫ס‬ 0.34-0.77; test for trend, P ‫ס‬ .002). Because increased carbohydrate intake is associated with decreased fat intake when energy intake is held constant, the inverse relation between carbohydrate intake and breast cancer may reflect the direct relation between fat and breast cancer.
To compare risk estimates from each fat type, in the subset of women with no history of BBD, we included in the analyses each type as a continuous factor (Fig.  1) (34 We examined several potential explanations for the different associations between fat intake and breast cancer in women with and without a history of BBD. Underlying dietary food-item sources of fat types were similar in both groups of women. Women with a history of BBD did, however, have a slightly lower (mean ± standard deviation) intake of percentage of calories from total fat (34.93 ± 8.5 versus 35.10 ± 8.6) (P ‫ס‬ .06), saturated fat (11.47 ± 3.4 versus 11.57 ± 3.4) (P ‫ס‬ .005), and grams of alcohol (3.84 ± 9.8 versus 4.07 ± 10.5) (P ‫ס‬ .03) and a slightly higher mean intake of fiber (11.54 ± 6.4 versus 11.40 ± 6.1) (P ‫ס‬ .03). Multivariate diagnostic procedures to remove influential, extreme outlier data points did not alter the positive association observed. Adjustment for margarine intake (one of the main contributors to both oleic and linoleic acid intake) did not alter the association. Also, the association persisted after removing overweight women and women who drank one drink or more per day from analyses.
DISCUSSION
In this large, prospective cohort study of postmenopausal women, we found little association between total fat or any fat subtype and breast cancer risk in the cohort as a whole. Among those women with no history of BBD, however, we found a positive association between total fat intake and breast cancer, which appeared to be attributable to unsaturated fat intake and specifically to monounsaturated fat (oleic acid). Although women in our study were extensively screened for breast cancer and women with BBD were oversampled, we observed that other well-established risk factors for breast cancer were associated with risk (3), suggesting that the etiology of breast cancer in this cohort is not atypical.
Our finding of little or no overall association between breast cancer and total fat intake is generally consistent with most other evidence from epidemiologic studies. Given the recognized high correlation between total energy and fat intake (r ‫ס‬ .86 in our data), variations in observed risk from different studies may be, at least partially, due to the use of different methods of energy adjustment (25, 32, 33) . We examined the total fatbreast cancer risk association with use of the four methods of energy adjustment used in other studies (i.e., the standard, residual, nutrient density, and energypartition methods) (32, 33) and saw no evidence for an association.
Our finding of no association between any of the fat subtypes examined and breast cancer risk in the overall population is also generally consistent with other epidemiologic studies (24) . Only two other studies, however, adjusted for multiple fat subtypes simultaneously in their analyses. The Harvard Nurses' Health Study (22) also observed no association between any fat subtype and breast cancer risk. In contrast, a Swedish cohort study (21) reported a statistically significant protective effect for monounsaturated fat (oleic acid) and increased risk with higher polyunsaturated fat (linoleic acid) intake.
Because some dietary fat subtypes are highly correlated, it is difficult to disentangle their independent association with breast cancer. In our population, Pearson correlation coefficients with percent of calories from saturated fat were as follows: unsaturated fat, 0.64; linoleic acid, 0.30; and oleic acid, 0.82. In studies that did not simultaneously adjust for other fat subtypes, an apparent association with one type may have included the contribution of one or more other types. In studies that did simultaneously adjust, standard errors associated with risk estimates will have increased, resulting in wide CIs and a loss of precision in risk estimates.
In comparing study findings of specific fat types, it is also important to consider that the underlying foods contributing to intakes of specific fats and the chemical properties of fatty acids may differ between populations. If fatty acids are modified (e.g., hydrogenated), they may be metabolized differently and engender different breast cancer risks. The primary food that contributes to oleic acid intake in the Mediterranean, for example, is olive oil, whereas in our U.S. cohort, the primary food source was margarine. Several case-control studies (35) conducted in Greece, Italy, and Spain reported decreased breast cancer risks associated with increased olive oil intake (high in oleic acid). Olive oil in the Meditterranean diet, however, may also serve as a proxy for another constituent of the diet or for foods eaten in combination with a diet high in olive oil, such as fruits and vegetables (4). In the United States, many margarines contain a hydrogenated form of oleic acid, which may be associated with increased breast cancer risk (15, 36) . Thus, the breast cancer risk associated with oleic acid intake in the Meditterranean diet may well differ from that in the U.S. diet.
Our finding of an increased breast cancer risk associated with total fat, unsaturated fat, and oleic acid intake in women with no history of BBD is intriguing. Few data are available from other studies to evaluate this finding. A meta-analysis (37) with pooled results from seven prospective cohort studies, in contrast to our findings, reported no association between total fat intake and breast cancer risk in women with no history of BBD and a nonsignificant positive association in women with a history of BBD (RR ‫ס‬ 1.29; 95% CI ‫ס‬ 0.96-1.72), for a 25-g change in fat intake. To our knowledge, no previous epidemiologic studies have examined the association between fat subtypes and breast cancer in women with and without a history of BBD.
The dietary fat-breast cancer association that we observed in women with no history of BBD may be due to chance. Alternatively, we hypothesized that a real association between dietary fat and breast cancer risk may be attenuated in women with a history of BBD because of possible changes in diet, diet recall, or nondietary behaviors after diagnosis of BBD, whereas in women without a history of BBD, an association could be revealed. Consistent with this hypothesis, women with a history of BBD reported a slightly more "health promotional" dietary profile. We did not have information available to us to assess other possible changes. From a biologic perspective, dietary fat may be an important risk factor for breast cancer in women without a history of BBD, whereas for women with a Fig. 1 . Adjusted risk ratio of breast cancer associated with a five-percentage unit increase in percent energy from total fat and fat subtypes among 13 707 postmenopausal women with no history of benign breast disease participating in the Breast Cancer Detection Demonstration Project Follow-up Cohort Study (from 1979 through 1995). All models included adjustments for total energy, body mass index, height, family history of breast cancer, parity, age at first birth, educational level, alcohol intake, and age at menarche. In models 2 and 3, additional adjustments were made for other fat subtype(s).
history of BBD, other factors, such as a family history of breast cancer or reproductive factors, may play a more predominant role. These explanations are conjectural and warrant further study.
Validation studies (29, 30, (38) (39) (40) have demonstrated that the food-frequency questionnaire that we used provides reasonable estimates of usual dietary intake. Also, the range of percentage of energy from each fat type in our study was consistent with national survey data for women in a similar age range (31, 41) . Nevertheless, limitations of the foodfrequency questionnaire are present and have been well described (38, 42) . Specific fatty acids, in particular, may be subject to measurement error because of differences in fatty acid contents of multiple foods on a line item and assumptions about proportional intakes of these foods or changes in the fatty acid composition in the same foods over seasons of the year and/or in the food supply from year to year (36, 43) . Although the measurement error present in our dietary assessment instrument could explain the lack of association that we observed between fat and breast cancer risk in the overall cohort, it is unlikely to explain the positive association that we observed in women with no history of BBD.
Similar to other epidemiologic studies conducted in the United States and in Europe, our study was also limited by the range of fat consumed by women. We did not observe a decreased breast cancer risk in women consuming less than 20% of their energy from fat, but we did not have an adequate range of intake to fully examine this association.
In summary, in this large, prospective cohort study of postmenopausal women, we found no overall association between intake of total fat or any fat subtype during adulthood and breast cancer risk. We did, however, find in women with no history of BBD a positive association between increased intake of total fat and breast cancer risk that appeared to be attributable to unsaturated fat intake. It would be valuable for this latter finding to be investigated in other studies.
